SUMMARY The common cause of sudden cardiac death is ischaemic heart disease. Such patients may have an occlusive recent thrombosis in a major coronary artery but the largest group has no recent occlusion. Comparison of such patients without occlusion with non-cardiac death control hearts suggests that an area of stenosis of 85 per cent is the best discriminating level. Most subjects who die of ischaemic heart disease suddenly have this degree of stenosis in two or three major arteries. Non-ischaemic sudden cardiac death occurs in hype;trophic obstructive cardiomyopathy and in severe left ventricular hypertrophy particularly from aortic valve stenosis. When the heart is macroscopically normal, review of previous electrocardiograms is the most helpful guide and may disclose conditions such as a long QT interval or pre-excitation. When no such data are available examination of the conduction system histologically may be helpful but is often non-specific. Use of the term "cardiomyopathy" by pathologists to cover all non-ischaemic sudden cardiac death is clinically misleading.
The pathologist, when faced with investigating sudden cardiac death in an adult or a child over 1 year of age, can usually place the heart into one of three categories. In order of frequency these are ischaemic heart disease, conditions recognised macroscopically known to be associated with sudden death and, finally, hearts which are, at least to the naked eye, normal. There is an understandable temptation for the pathologist to transfer hearts in the third category to the first in adults since few coroners view "no clear cause of death" with enthusiasm. In children this way out is impossible and more exacting studies are more readily undertaken.
Ischaemic heart disease
Annually in the United Kingdom many thousands of patients dying suddenly from ischaemic heart disease come to a necropsy ordered by the coroner. It must be stressed that these forensic necropsies are to exclude unriatural death and not to provide accurate scientific data. In consequence, there is surprisingly little detailed knowledge of the pathology of ischaemic heart disease related to sudden death.
A proportion of these patients do have a recent occlusive thrombus in a major coronary artery. Death can be assumed to be from subsequent ventricular fibrillation. The proportion of cases with such a thrombus is reported to be from 4 to 64 per cent (Table 1) . Such widely divergent figures are unlikely to be a true reflection of the pathology. The wide range reflects, in part, the degree of care taken or the beliefs of the individual pathologist. Even within a single pathological departnent the proportion of thrombi found by different individual consultant pathologists varies widely.16 Other factors which militate against comparability of series are different temporal definitions of the term "sudden", varying proportions of smokers to non- (Table 1) .
It is hardly surprising that sudden ventricular fibrillation should follow a coronary artery occlusion. The situation can be mimicked experimentally by coronary ligation in the dog. It is observed in patients with acute myocardial infarction who reach hospital. There is some evidence suggesting that right coronary artery occlusions are more often associated with sudden death. The limited published data available suggest that the ratio of right to left anterior descending artery occlusions is lower in patients dying in hospital of infarction than sudden death patients not reaching hospital (Table 2 ). James 19 20 has reviewed the possible causes of this association which leads the right coronary to be regarded as the artery of sudden death. The major factor is the role of the right coronary artery in supplying both sinuatrial and atrioventricular nodes. (Table 5 ). In Table 5 Septal/posterior wall ratios-necropsy hearts Non-cardiac deaths normal weight hearts (n = 108) When all other known causes of sudden death have been excluded macroscopical examination of the area of the conduction system is, on occasion, helpful. The small benign mesothelial tumour of the atrioventricular node54 66 iS usually visible as a 1 to 2 cm cystic mass in the atrial septum anterior to the coronary sinus. Calcific masses originating from the anterior cusp of the mitral or the aortic valve may also transect the area of the main bifurcating atrioventricular bundle.
It is when the pathologist is faced with a heart apparently totally normal to external examination that practical problems arise.
The majority of pathologists have a very liberal interpretation of the term cardiomyopathy and, to the clinicians' confusion, apply it indiscriminately for such cases. Fully developed congestive cardiomyopathy (COCM) does have recognisable morphological abnormalities. At macroscopical level these include raised ventricular muscle weights for both ventricles, dilatation of the ventricular cavities leading to a normal or even reduced wall thickness, mural thrombus in all chambers, and diffuse endocardial thickening in the left ventricle. Microscopical examination of the myocardium shows interstitial fibrosis, reduced muscle fibre diameters with a wide scatter in size, and vacuolated fibres with hyperchromatic large nuclei. It would clarify semantics if pathologists would confine the term congestive cardiomyopathy to patients known to have a degree of left ventricular failure and whose heart showed at least three of the morphological abnormalities listed. As stated above, my own experience is that such hearts are rarely causes of instantaneous sudden death.
A number of conditions deserving better recognition is also squeezed into a "cardiomyopathy" group by pathologists. Isolated increase in the heart weight is better termed idiopathic cardiomegaly. Most examples are probably an excessive hypertrophy response to unrecorded hypertension and are particularly seen in patients of West Indian origin.
Widespread interstitial or focal myocardial fibrosis without other morphological abnormality is best termed idiopathic myocardial scarring and may well be post-viral myocarditis. This group of patients, clinically, may be associated with arrhythmic problems entirely without evidence of abnormal myocardial contractile function.
Macroscopically, normal hearts are also en-countered in which a selective and progressive loss of conduction fibres occurs followed by replacement fibrosis. These hearts are again not associated with evidence of loss of contractile junction but develop arrhythmias and conduction defects. No name is available for this entity but "conduction myopathy" might be appropriate. Those hearts which comprise the group where there is no macroscopical abnormality and no microscopical abnormality of the contractile myocardium do pose a major problem for the pathologist. In practice, many of these patients are simply transferred to the ischaemic or cardiomyopathy groups since a great deal of further effort and public cost are thus avoided. Hearts from patients under the age of 50, and particularly under 30, are those more extensively studied.
The initial step is to exclude once again unnatural death, in particular a concealed suicide. Blood should be screened for drugs by gas chromatography. After these steps have been carried out death can be presumed to be cardiac in origin. A detailed medical history from the family is sought and any electrocardiogram ever taken reviewed. The conduction system is examined histologically.
Personal experience of studying such patients, suggests that the majority of deaths are indeed cardiac. My experience is of necessity selected by pathologists who know of my interest. In 57 hearts referred for investigation of sudden death without macroscopical abnormality and a normal myocardium, 25 proved to have had previous electrocardiograms, all recorded in the investigation of palpitation or syncopal attacks of varying severity and frequency. The electrocardiographic abnormalities are shown in Table 6 . Several of these, such as pre-excitation, have a well-defined risk of sudden death and with careful morphological study anomalous pathways, often multiple, can be found.56 The long QT interval syndrome has a similar well-recognised clinical association with sudden As a basic principle, examination of the conduction system where no electrocardiographic data are available is seldom scientifically profitable. The incidence of morphological abnormality in this group is, however, high, and closely mirrols that found in the patients with electrocardiographic data.
Mesotheliomata when present are clearly the cause of death. Where distal conduction fibre loss has occurred this again is likely to be significant. Mahaim tracts are of dubious significance since they are relatively common in children who die accidentally. Where the conduction system is morphologically normal no conclusions can even be attempted. It must be admitted that cases will occur where no firm cause of death can be ever ascertained.
There is strong pressure on the pathologist undertaking these studies to find a lesion and numerous individual cases of sudden death associated with minor morphological abnormalities become recorded."9 72 73 Before these can be scientifically established as cause and effect many more morphological studies must be made of patients in whom electrocardiographic and particularly 24-hour monitoring has been recorded. The forensic necropsy service in England and Wales, even so, is not set up to recover such hearts and, while its sole responsibility is to exclude unnatural death, will not do so. 
